Background: The adoption of technologically advanced medical devices assisted healthcare providers to examine and treat diseases. However, technological advancements could increase the threats to safety, security, and reliability of the devices from complications associated with manufacturing, functionality, and the clinical application of the devices.
Introduction
The financial evaluation of advanced medical technology has become the main element for decision-making on health budget allocations. The medical device industry evolved as the most dynamic field of medical innovations with many newer products being marketed each year (1) . The diversity of technologically advanced medical devices led to increased scrutiny on the cost-effectiveness of the devices. Their emergence assisted healthcare professionals in providing quality services and reducing the amount of time in the examination and treatment of patients (2) . Their development was beneficial for patients especially those with acute and chronic health conditions. Figure  1 presented an example of a technologically advanced
The significance of the Study
The study would provide an understanding of the ethical concerns in the adoption of technologically advanced medical devices for improved health care. The study would inform the manufacturers of the devices on issues ensuring compliance with the regulatory guidelines and standards. This would improve care together with the adoption of the changes in their use. Incorporating technology into medical devices is challenging because of the intrinsic complex nature of the devices.This study would form the basis for understanding the regulatory standards of technologically advanced devices during manufacturing in mitigating the safety risks to the user of the devices.
Exploring the social concerns of advanced medical devices in the study would provide information that regulatory bodies might use when developing newer policies that would protect the users of medical devices from increased prices and safety concerns The study would help the implementation of the national policies with the reduction of the high prices that hospitals and users experienced with the use of the devices. The study would also allow policymakers of medical devices to formulate updated policies to minimize the uncertainties or adverse health incidents associated with the existing medical devices The study would provide the social and ethical guidelines that quality assurance professionals in companies that manufacture medical devices could adopt to improve the maintenance and effective clinical use of these medical devices.
A Problem Statement and the Purpose of the Study
Different technologically advanced medical devices assisted healthcare providers to examine and treat diseases. However, the technological advancements increased the threats to the safety, the security, and the reliability of the devices. This was the result of the complications that arose during the manufacturing, the functionality, and the application of the devices for clinical treatment.
The main purpose of the study was to examine the compliance of healthcare manufacturers of these medical device concerning the social and ethical standards during the manufacturing process.
The specific objectives were threefold: to determine the safety threats associated with the manufacturing of innovative technologically advanced medical devices; to establish the healthcare cost implications that resulted from the manufacturing of technologically advanced medical devices; and to explore the bioethical considerations for the development of new medical devices.
Methodology
Qualitative research with a literature review of the social and ethical aspects in the manufacturing of the advanced medical devices was conducted. Therefore, a qualitative research method was used in giving a detailed description medical device used by healthcare providers to treat cancer (3).
Figure 1:
A technological advanced medical device for destroying cancer tissue using radiotherapy with a hyperthermia device. The patient was positioned for proton beam therapy where a beam of radiation is used to destroy cancer cells and tissues. Source: Skinner (2013) (3) However, the failure of such devices could result in serious health complications and disastrous effects on the provision of care. The failure was associated with the poor calibration of the devices that led to poor treatment, improper medications, and adverse social and ethical problems that affected the quality of care and quality of life among the users of the medical devices (4).
A Statement of the Problem
The manufacturing and adoption of advanced medical devices played important roles in improving the quality of healthcare of patients with different health problems and reducing the fatalities from various chronic illnesses (5) . The advancement in medical devices with the incorporation of computing software and hardware applications assisted clinicians in greater accuracy of diagnosis in patients and provided easier access to patient health records (6) . However some presented catastrophic risks to the users (6) . During the technological development and manufacturing of the medical devices, there was no consideration for the social and ethical concerns of such devices; of registration, licensing, and maintenance of standards (7) . Due to the high demand for improved healthcare and effective response to health conditions, research had focused on the social and ethical considerations (8, 9) . However, minimal research had been conducted concerning these social and ethical aspects, especially during their manufacture. There was a lack of transparency and of formal attention towards the assessment of effective and efficient utilization of resources in the manufacturing industry of these medical devices. Considerable research was thus needed to examine the key processes and the perceptions of social and ethical concerns of medical devices by healthcare professionals. and explanations of the research aims (10) . A narrative review of the data from the different sources was applied to develop new theories through the application of prior assumptions.
Sampling Considerations
A study sample was usually based on demographic factors, geographic location, and clinical experiences (11) . The targeted study sample was chosen based on the objectives of the research (12) . No study sample was needed for the research. The study aimed to explain the research problem using existing information from previous studies in order to explore the research objective from a natural perspective.
Tools for Collecting Data
Secondary data was used in the study to address the research problem. Literature related to the topic under study was assessed, and relevant information obtained. The secondary data were obtained from different sources with an online search or retrieving existing information from web publications (13) . The secondary data was obtained through online search from databases including ProQuest, ResearchGate, CINAHL/EBSCOhost, PubMed, and ScienceDirect. The other source used in this study was Google Scholar. The appropriate secondary data was gathered from scholarly sources such as books, peer-reviewed journals, web publications, conference proceedings, and other reliable sources with relevant information on the research topic. Using the abovementioned databases, old and current studies were used to collect secondary data which assisted in making comparisons between the previous studies and the updated versions of the research topic. This allowed extensive explanations of the research problem using the previous and the most current secondary data. The adoption of the secondary sources provided the basis for comparing the previous and current researches about the bioethical standards of medical device manufacturing processes.
Procedures
Online databases were used to find appropriate secondary data that explained the study problem. Articles used were those published from 2008-2017. Key phrases that contained keywords were developed to assist in retrieving the most suitable secondary data for the study. The main terms that were used to retrieve relevant information included "bioethical standards in the manufacturing of advanced medical devices", "social and ethical standards and the manufacturing of technologically advanced medical devices", and "ethical considerations of technologically advanced medical devices". The Boolean operators "AND" and "OR" were used in the online search and this helped in acquiring additional sources. For instance, the key phrases Bioethical standards AND manufacturing of advanced medical devices, OR bioethical considerations of medical devices were used. The development of the main terms and the use of Boolean operators in each of the databases helped in performing extensive research in order to get reliable sources that ensured the accomplishment of the research objectives developed.
Results
The study research identified articles that were relevant to the study. From assessments of the abstracts and full texts, several articles were identified while others were eliminated as indicated in Table 1 below. The objectives and findings of the articles used to guide the study were summarized in Table 2 below. The study found that safety threats during the use of advanced medical devices were an area of great importance. Two articles retrieved showed that safety threats with undesirable health outcomes occurred due to the misadministration from medical device errors (16, 17) . The study identified the technical defects, and human errors, the poor processes of maintenance and procurement of the advanced medical devices that led to adverse events and that affected the effectiveness and safety of the devices for the patients. (16) . Malicious code injected into the medical system could alter the details of patients hence lead to misdiagnosis (17) . Amoore (2014) mentioned that human errors from the inadequacy in the knowledge of the use of devices led to a case where a patient was not well-prepared before undergoing radiotherapy (16) . As a consequence, the patient was hurt in the process.
Human errors also lead to safety threats with the use of advanced medical devices. These errors caused fatal and severe health injuries to the patients. The technical problems that arose with human errors in using medical devices led to higher incidences of deaths (18) . Also, the misinterpretation of the essential outputs by the medical practitioners using the medical devices led to wrong decisions or actions which could contribute to the improper use of the devices. The failure to follow the procedures as prescribed by the manufacturers while using the medical devices and the limited training on the use of devices increase human errors that affected the delivery of highquality care (18) . The presence of such errors with the use of medical devices required the manufacturers to work in collaboration with stakeholders, to investigate the possible incidences, and to provide effective solutions. This would help the healthcare givers and patients using the devices to follow the correct procedures for safe and quality care.
Healthcare Cost Implications of Technologically Advanced Medical Devices
The advanced medical technology is the main healthcare expenditure. Two articles were found that showed technological advanced medical devices as the key factors of healthcare expenditures (15, 19) . The studies established that the need to develop advanced medical devices was costly and the adoption of such advances had significant financial implications. Healthcare organizations that had adopted newer medical technologies had to restructure themselves so as to follow regulations hence making the whole adoption process costly. As such, medical innovation increased the costs to healthcare providers and healthcare consumers (19) . Advances in medical technology and their applications across healthcare systems had become the key driver of health expenditure (20) . The most critical elements that increased healthcare expenditure included the adoption and distribution of new drugs, equipment, and the delivery of healthcare systems. For instance, healthcare expenditure in the United States for medical technologies increased from $27.4 in 2013 billion to $2.9 trillion in 2017 (19) . This expenditure was expected to continue to increase and would reduce the real income which was expected to diminish the total utility while increasing the costs, particularly to the low-income people (19) . Figures 2 and 3 (21) In addition, the reimbursement and pricing of medical devices was a financial challenge. The adoption of modern medical devices included costs like acquisition costs and medical practitioners training costs. This was attributed to the fact that many patients were unable to pay the required amount for the medical services in hospitals (22) . Patients who were supposed to undergo cancer treatments had to go to specific hospitals with an increase in transportation costs to and from their homes (3). Moreover, the treatment process using technologically advanced medical devices required the use of multiple devices that had to be paid for separately, and because most insurance covers did not cater for the devices, the patient might end up becoming bankrupt (3). Thus, delay in paying for the services could hinder the introduction of other newer medical technology and advanced devices to the global market (23) .
Social and Bioethical Standards in the Manufacturing of Technologically Advanced Medical Devices
Bioethical issues are the regulatory guidelines that were used by medical professionals and patients to make informed decisions during the delivery of healthcare services. These ethical issues were applied when delivering care to patients who were at the end stage of life, those who were terminally ill or the sick people visiting a healthcare facility (24) . During the introduction of advanced medical devices to healthcare facilities, taking into account the ethical principles of beneficence, respect for autonomy, and non-maleficence was essential for improvement in quality care (25) . The social and ethical considerations with a focus on ethical principles provided a comprehensive understanding of the regulatory policies that directed the manufacturing practices of any advanced medical devices. This helped the health facilities to ensure the devices were safe, reliable, accurate, and functioning effectively at the expected level of performance (26) .
The adherence to legislation and standards that governed advanced medical devices was also a bioethical issue in the manufacturing of medical devices. The medical devices stakeholders including the manufacturers, distributors of the devices, and the users should work in collaboration with manufacturers to ensure adequate risk management and coordination of devices. This ensured safety considerations while producing and using the technologically advanced medical devices (27) . Under the regulatory processes of medical devices, the manufacturers should also perform post-market surveillance of their products. The surveillance practice assisted in ensuring the effective monitoring of concepts related to the safety and the efficient use of the medical devices by the users (28) . Security was also a bioethical consideration for manufacturers of advanced medical devices. Taking into account the risk management and security maintenance of the devices during the production process helped in assessing any interference that might affect the functionality of the devices (27) . Reporting the health complications associated with advanced medical devices such as death and serious health deterioration is an ethical concern that the manufacturers should adhere to for the production of more stable and newer devices.
Reporting such cases allowed the manufacturers to take into consideration the thoughts and opinions of healthcare providers, patients, and other users of devices in order to make further adjustments to the devices. (29) . Complaints regarding the use of medical devices should involve exhaustive and in-depth investigations in order to resolve the shortcomings in the device performance (30) .
Discussion
In relation to the safety threats of advanced medical devices, the study found that the technological imperfection of advanced medical devices contributed to system failures. These system failures affected the functionality of the devices. These findings were consistent with the existing literature that the safety problems with the use of advanced medical devices such as equipment failure resulted from the materials used during the designing of the product and the electrical and thermal problems which necessitated the modification of the devices and further improvement to minimize the threats (31) . The failures of the medical devices such as product defect resulted from poor designing and manufacturing of the product (31).
The study also revealed that human errors were the safety threats of advanced medical devices. The results showed that the misinterpretation and the lack of adequate training with the use of technologically advanced medical devices resulted in human errors that affected the delivery of safety and quality. These findings supported the study by Fries (2012) that physical abuse of the devices, spills, and excessive use of force when handling medical devices were among the significant human errors that affected the effectiveness of medical devices (32) . Fries (2012) also showed that poor voltages and pneumatic connections and interchangeable electrical connections affected the functionality of the medical devices. These actions led to safety failure of the devices, becoming ineffective when used on patients (32).
The results also showed the cost implications of the advanced medical devices. The study revealed that advanced medical devices were expensive. The findings indicated that technologically advanced medical devices were the leading drivers for healthcare expenditures in healthcare organizations and to the patients. The results aligned with the findings by Sorenson et al. (2013) and Kumar (2011) that showed that the cost of treatment with the use of technologically advanced devices was high, and the rising cost was becoming the main concern for both the manufacturers and users of the devices (14, 15) . The rapid changes in medical technology and the accessibility of high technological diagnostic and therapeutic equipment revolutionised the ways of delivering healthcare. In modern healthcare facilities, digital technology was driving the clinical practices (14) . Therefore, hospitals, clinics, and other healthcare settings were depending on digital software to provide accurate patient health information. However, it was becoming increasingly expensive and unaffordable for some patients (14) . Sorenson et al. (2013) mentioned that the use of advanced medical devices had led to lowered costs in terms of patients being treated faster and more effectively (15) .
Bioethical standards in the manufacturing of technologically advanced medical devices were also examined. The results revealed that during the development of the medical devices, the manufacturers should take into considerations the ethical principles of beneficence, non-maleficence, and respect for autonomy as it helped them to ensure that the safety of users was maintained. The results added better insight into the article by Ross et al. (2010) that showed that taking into account the ethical principles provided an assurance towards the effective maintenance of the security, the safety, and the reliability of advanced medical devices by the users. Similarly, the results further explained that the stakeholders of medical devices should consider proper coordination and adequate risk management of the products during the production process. The study emphasized that this action was an ethical process of ensuring that the devices produced were safe and of high quality.
Reporting the health incidents that arose with the use of medical devices was also a bioethical consideration. The findings indicated that reporting complaints using the opinions of the users assisted manufacturers to adjust their products to meet the needs of the users. These findings were consistent with the results by Feijter et al. (2012) that indicated that analyzing the opinions of the users through post-market surveillance ensured the safety and effective performances of the medical devices (30) .
Conclusion
Innovative technologically advanced medical devices had significant roles in promoting the diagnoses and treatment of different types of disease that affected the health of many people. Advanced medical technology was the main factor that drove the provision of high-quality care services. The adoption of advanced medical devices by healthcare professionals and other staff within the facilities ensured the support and the effective delivery of good care to all patients.
The healthcare cost implications resulted from the healthcare facilities, the manufacturing and the use of technologically advanced devices in the performance of a psychological process, the monitoring of a disease progression and the provision of adequate and appropriate treatment.
However, safety threats such as human errors and imperfection of the devices were common with the use of advanced medical devices. Security threats and equipment failure were present. Hence, bioethical standards were needed to ensure the safety and maintenance of the quality of life among users.
Recommendations
The study recommended that medical stakeholders including patients should report their experiences of risks with the use of advanced medical devices. The medical device policymakers should also provide better solutions with the use of fabrication materials during the manufacturing process to ensure the safe and effective use of the devices to maintain operator and patient safety.
